The complete coding DNA for a Schistosoma mansoni homologue of the epidermal growth factor receptor (SER) was characterized from cDNA clones obtained by homology to the tyrosine kinase domain of erbB. The DNA sequence predicts a 200-kDa translation product that contains a secretory leader, a cysteine-rich extracellular domain, a hydrophobic transmembrane sequence, and an intracellular tyrosine kinase domain. The SER transcript is present in cercariae and adult schistosomes.
Introduction
Mammalian EGFRs are among the most well-characterized of the mitogenic receptors [1, 2] . They are integral surface membrane proteins and have cysteine-rich extracellular domains that recognize both epidermal growth factor (EGF) and transforming growth factorcc Upon ligand binding, the intracellular tyrosine kinase of EGFR becomes activated, initiating an incompletely understood signaling pathway that results in cell proliferation. Some oncogenes, such as erbB and neu, are modified members of the EGFR gene family [3, 4] and over-expression of their normal cellular gene, EGFR or c-neu, can result in cell transformation [5] [6] [7] .
Homologues of EGFR have been identified within eukaryotic organisms spanning a broad evolutionary range. A receptor tyrosine kinase closely related to EGFR has been demonstrated to be a malignant melanoma-inducing oncogene from Xiphophorus fish [8] . The Drosophila EGFR homologue has been isolated based on homology with erbB [9] and found to be allelic to faint little hall a gene essential in embryonic development [10, 11] . The let-23 gene, which is necessary for inducing the formation of the Caenorhabditis elegans vulva, is also an EGFR homologue [12] . Here we report the characterization of cDNA encoding a Schistosoma mansoni homologue of mammalian EGF receptor (SER). We also show that alternative RNA splicing generates transcripts encoding several truncated forms of SER.
Materials and Methods

Parasites.
A Puerto Rican strain of S. mansoni was maintained by passage through Biomphalaria glabrata snails and CBA/J mice. Parasites from the cercarial and adult stages were obtained as previously described [13, 14] .
Preparation of S. mansoni mRNA. Poly (A) '
RNA was isolated directly from parasites using a modification of the method of Cox et al. [! 5] . One volume of organisms as a packed frozen pellet was resuspended in 2 vols. of lysis buffer (6 M guanidine isothiocyanate (GTC)/10 mM Tris-HCl/1 mM fl-mercaptoethanol, pH 7.5) and immediately sonicated using a microtip at 200-300 W until the solution lost viscosity. The supernatant following centrifugation at 2000 × g was mixed with 0.2 vols. of preswollen, pre-rinsed (in wash buffer: 4 M GTC/ 10 mM Tris-HCl/1 mM fl-mercaptoethanol, pH 7.5) poly(U) Sephadex beads (Gibco, Bethesda, MD) and incubated for at least 1 h at 4°C on a rocking platform. The beads were then washed twice in 5 volumes of wash buffer and loaded into a small RNAse-free column. The beads were washed 4 times with 5 bed volumes of wash buffer and 4 times with 3 bed volumes of salt wash (0.2 M NaCI/10 mM Tris-HCl/I mM EDTA, pH 7.5). Bound RNA was eluted by several additions of 0.5 bed volumes of elution buffer (90% formamide/1 mM EDTA/15 mM Tris-HCl, pH 7.5). The fractions were ethanol-precipitated and resuspended in RNAse-free water, i #1 of each fraction was mixed with 10 #1 of I /~g ml-1 ethidium bromide and viewed with a UV lightbox to ascertain the fractions containing RNA. Poly(A) ~ RNA concentration was estimated using the same procedure in comparison to RNA standards.
Preparation of eDNA libraries. Double-stranded cDNA from both adult and cercarial stages was prepared by the method of Gubler and Hoffman [16] . The cDNA was cloned into the 2gtll vector as described by Young and Davis [17] . The cDNA used to prepare the adult library was size fractionated prior to vector ligation by agarose gel electrophoresis and purification of 2-5 kb cDNA as described by Vogelstein and Gillespie [18] .
SER eDNA cloning. The 562-bp BamHl fragment containing most of the tyrosine kinase domain of avian erbB cDNA [19] was radiolabeled (Multiprime kit, Amersham Corp., Arlington Heights, IL) as recommended by the supplier. This EGFR homologue probe was hybridized at 50~C in 6 × SSC for 20 h with duplicate replica filters representing a total of about 60 000 phage plaques of the 2-5-kb S. mansoni adult male eDNA library [20] . Filters were extensively washed at 50°C in 2 x SSC and subjected to autoradiography for 3 days. Two weak positive signals were obtained, the recombinant phage plaque-purified (ERB3 and ERB4, Fig. 1 ), and their cDNA inserts were sequenced. The two clones overlap by about 1300 bp in the region of probe homology and have 57% identity with the erbB probe. The overlapping regions have the same sequence except that clone ERB3 has a 140-bp insert (insl; Fig. 1 ) within this region relative to ERB4 (and other clones isolated later) that is apparently an unspliced intron (data not shown).
The adult cDNA library was re-screened with a 700-bp cDNA fragment probe obtained from the amino-terminal coding end of the ERB4 clone (SER 5' probe, Fig. 1 ). About 25 strongly positive signals were obtained from 300000 recombinant phage. Ten clones were characterized; 3 contained cDNA inserts that were similar to ERB4 except that they extended further into the amino terminal coding end and each had a small internal deletion relative to ERB4. One of these, ERB28, was sequenced and lacks a 196-bp sequence found in ERB4 (ins2, Fig. 1 ) that contains in-frame stop codons. The other 7 characterized cDNA clones identified by the 5' SER probe appeared nearly identical to one another by restriction mapping, but differed significantly from ERB28. Characterization of these 'class 2' variant cDNA clones, represented by ERB20 in Fig. 1 , is described in Results.
The S. mansoni cercariae cDNA library was also screened with the 5' SER probe. Four positive phage plaques were identified from about 100 000 recombinants. Two were apparently identical to one another, based on restriction mapping, but different from SER cDNA clones previously isolated. Characterization of these 'class 4' variant cDNA clones, represented by CERB22 in Fig. 1 , is also described in Results.
DNA sequencing. DNA from the plaquepurified recombinant phage was purified [20] and the cDNA inserts subcloned into plasmid vectors. Both strands of the cloned DNA were sequenced for all coding DNA. Sequencing was performed by the method of Sanger et al. [21] following further subcloning of various restriction fragments into M I3 vectors [22] . Either the M13 universal primer or various SER-specific oligonucleotide primers were used.
Polymerase chain reaction studies. S. mansoni mRNA was converted to cDNA by reverse transcription [20] . The polymerase chain reaction was performed on 1 ng of cDNA using the following conditions: 20 mM (NH4)2SO4/70 mM Tris-HC1/2 mM MgCI2/ 100 mg ml -l bovine serum albumin/0.1% Triton X-100/I ~M oligonucleotides, pH 8.8. The temperature cycling program employed 30 cycles, each having an annealing time of 1 min at 50°C, an extension time of 3 rain at 72°C and denaturation for 1 min at 94°C. Oligonucleotides are 15-or 16-mers with a G:C content near 50%. The PCR reaction products were 19 characterized by TBE-agarose gel electrophoresis [20] .
Preparation
of S. mansoni genornic DNA. Genomic DNA was isolated essentially as described by McCutchan et al. [23] with the following modifications. Frozen parasites were ground in a mortar and pestle sitting in dry ice. Following ethanol precipitation, the DNA was recovered by spooling onto a glass rod, washed once in ice cold 70% ethanol, and dried. The DNA was solubilized in TE (10 mM Tris-HCl/1 mM EDTA, pH 8.0) and quantified by ultraviolet light absorbance at 260 nm.
Preparation of genomic library. S. mansoni genomic DNA (5 #g) was digested with Sau3A (0.4 units) and one-third of the reaction was quenched by addition of phenol after 5, 10 and 15 min. These conditions had been precalibrated so that the average size after pooling of the 3 time points was about 20000 bp. After phenol extraction, the DNA was ethanol precipitated and solubilized in TE. Library construction was performed by the partial endfilling method of Zabarovsky and Allikmets [24] . This method prevents self-ligation while permitting ligation of the genomic Sau3a DNA fragments into a partially end-filled Sail restriction cleavage site of the vector; in our case the Syrinx 2A 2 phage vector constructed by Lutz et al. [25] . After ligation and packaging, the recombinant phage (about 400000) were amplified as described by Sambrook et al. [20] .
Northern and Southern blotting. Poly(A) ~ RNA was resolved by formaldehyde-agarose gel electrophoresis while genomic DNA restriction digests were resolved by TAE-agarose gel electrophoresis [20] . In each case, nucleic acids were transferred to a Nytran filter (Schleicher and Schuell) by capillary transfer in 10 x SSC.
Probes were prepared by a modification of the random primer procedure of Feinberg and Vogelstein [26] . PCR was used to generate amplified DNA fragments representing: (1) the region of SER (codons 27-265) common to all SER transcript classes; (2) class 2-specific cDNA (750 bp from the Y untranslated region of ERB20); or (3) S. mansoni triose phosphate isomerase cDNA (550 bp from a TPI cDNA clone; ref. 27). These fragments were labeled using the Multiprime kit as above, except that the random primers were replaced by 50 ng of each of the oligonucleotide primers that had been used to generate the PCR fragment. The radiolabeled DNA fragment was then purified on a 1 × 10-cm CL4B column (Pharmacia LKB, Uppsala, Sweden) prior to hybridization [20] .
Results and Discussion
Cloning cDNA encoding an S. mansoni epidermal growth.[actor receptor homologue. An adult S. mansoni cDNA library was screened at low stringency with a probe prepared from the tyrosine kinase domain of the EGFR family oncogene, erbB. Two positive clones, ERB3 and ERB4 (Fig. I) , overlap at the region of tyrosine kinase homology and, together, contain about 6000 bp of unique DNA. Within the overlapping region, the DNA sequences are identical except lbr a 139-bp insert within ERB3 (insl, Fig. 1 ). The insert is found after bp 3378 (GenBank M86396) and contains typical eukaryotic splice donor and acceptor sites that are strongly suggestive of an unspliced intron. From the DNA sequence and the homology with other EGFR homologues, we conclude that the 2 cDNA clones together contain nearly the complete coding DNA for SER but lack a portion of the aminoterminal coding end (see Materials and Methods). A small fragment of ERB4 was used as a probe to re-screen the cDNA library in an effort to obtain the coding DNA for the SER amino terminus. From this screen, a new clone, ERB28 ( Fig. 1 ), was obtained that contains about 300 bp of additional sequence at the amino terminal coding end. Near the beginning of ERB28 is an open reading frame (ORF) that encodes a methionine followed by 18 hydrophobic amino acids suggestive of a secretory leader. This ORF continues through the entire 4-kb insert and combines with the ERB3 eDNA clone to encode the complete SER protein (GenBank M86396). Several cDNA clones were also obtained, based on homology to the SER 5' probe, that differ from SER in their carboxy-terminal coding DNA and 3' untranslated regions (see Materials and Methods). They are represented in Fig. I by clones ERB20 and CERB22. In addition, ERB4 was found to have a 195-bp variant insert (ins2, Fig. 1 ). These variant SER cDNAs are discussed later.
Amino acid sequence of SER.
Combining sequence from cDNA clones ERB28 and ERB3, an ORF exists that predicts an SER protein of 1717 amino acids (Fig. 2) . Substantial amino acid sequence homology between SER and the EGF receptor family of proteins can be found throughout. This alignment together with previously proposed structure models for the EGFR family [1, 9] were used to define the SER domain assignments as shown in Fig. 2 .
The tyrosine kinase domain is generally the most conserved domain within the EGFR [9, 12] . Proteins of the EGFR family from mammals, birds and fish [1, 8, 29] have two roughly equal sized cysteine-rich regions. In EGFR homologues from arthropods and nematodes, the second cysteine-rich region is much larger than the first [9, 12] and can be viewed, instead, as consisting of 2 distinct regions [30] . Extending these observations to SER, both of the extracellular, cysteine-rich regions are apparent (Fig. 2 ) and, as with the other lower eukaryotes, the second cysteine-rich region is larger than the first. Overall the extracellular domain of SER displays 26% homology with HER and 22"/o with DER.
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IpNMGRL~MINQDDLFC shown to the left. HER, human EGFR [4] ; DER, Drosophila EGFR homologue [9] : LET, let-23 EGFR homologue [12] .
Conserved residues are shaded. Gaps introduced to maximize homology are shown as dashes. Inserts are shown as < # > where # is the number of amino acids inserted. PROTKIN is the protein kinase family consensus of Hanks et al. [28] with invariant residues shown as capital letters and residues highly conserved only in tyrosine kinases in lower case.
retain distinct homologies to one another and have been postulated to result from a primordial duplication event [4] . Furthermore, within each of the cysteine-rich regions, a sub-repeat of about 40 amino acids has been previously noted [31] . With the availability of EGFR homologue amino acid sequence data from diverse taxa, the significance of this sub-repeat 23 was re-explored. As shown in Fig. 4 , a repeating cysteine motif is apparent within the cysteine-rich regions from each of the EGFR homologues and a consensus can be built that includes other conserved residues within the motif. Amino acid sequence conservation is more apparent between subrepeats at similar locations in homologues shown to the left HER, human EGFR [4] ; XMR, Xiphophorus T, locus [8] ; DER, Drosophila EGFR homologue [9] ; LET, let-23 EGFR homo|ogue [12] . Conserved residues arc shaded. Gaps introduced to ma×imizc homology arc shown as dashes. Inserts are shown as < # > where # is the number of amino acids inserted. The consensus shows residues that arc conserved in |0 or more of the 3| sub-repeats.
from different species than between subrepeats within the same proteins, suggesting that evolutionary duplication of the element occurred within a primordial organism prior to divergence of the Platyhelminths. The carboxy-terminal domain of SER has almost no significant homology to previously characterized EGFR homologues. It is distinguished by the disproportionate number of prolines, asparagines and hydroxylated amino acids. Probably as a fortuitous result, this intracellular domain, which should not contain carbohydrate, has numerous potential Nlinked glycosylation sites. There are several tyrosines near the C-terminus that may be phosphorylation sites but the similarity to other EGFR homologues is too poor to permit specific predictions.
In higher eukaryotes, EGF receptors transfer a mitogenic signal from extracellular EGF or transforming growth factor-or through the membrane and into the cell [32] . Because of their oncogenic potential, it is likely that EGFR homologues such as mammalian neu [3] and Xiphophorus Tu [8] also have a role in mitogenic signal transfer. The genes for the EGFR homologues DER and let-23 both serve roles in determining cell fate during development [10] [11] [12] , presumably through passage of an extracellular signal into the target cell expressing the receptor. Lacking the genetic tools available in other biological systems, approaches to the study of SER function in schistosomes are limited. Studies that determine the anatomical expression sites of SER might provide insight into function. It should also be possible to express functional SER within recombinant host cells to test SER for tyrosine kinase activity. Such a functional expression system would make possible an assay to detect ligands that stimulate the autophosphorylation activity of SER.
If recombinant SER has tyrosine kinase activity, it might aid attempts to establish a schistosome cell line, something that has eluded investigators up to now. Certain modifications to, or over-expression of, EGFR and neu can result in transformation within responsive cells [3, 5, 6, 33] . Analogous modifications to the Drosophila EGFR homologue, DER, enhanced in vivo tyrosine kinase activity [34] . Perhaps introduction of a vector capable of over-expressing a similarly modified SER might help to immortalize schistosome cells. Chimeras of the EGFR ligand binding domain and neu tyrosine kinase domain can produce EGF-dependent transformation of cells [35] and chimeras of the neu ligand binding domain and DER tyrosine kinase domain functioned in insect cells [34] . A vector over-expressing a chimera between SER and the extracellular domain of EGFR might facilitate development of an EGFdependent schistosome cell line.
It will be interesting to determine whether schistosome SER recognizes EGF within the mammalian host. A protein that binds EGF and that is recognized by antiserum against mammalian EGF receptor has been identified in trypanosomes [36] . But the poor homology between the extracellular domains of SER and HER, and especially poor homology (18%) within the putative ligand binding domain between the two cysteine-rich regions [37] , would seem to suggest that SER recognizes a different ligand than the EGF ligand of HER. This issue can be addressed if it is possible to obtain functional, recombinant expression of SER within eukaryotic host cells.
SER variant cDNA clones. Three different variant SER cDNA classes were identified during the isolation of the complete SER coding DNA. One of the variant classes, class 2, was the predominant type of clone obtained from the adult male cDNA library when it was screened with a 5' SER probe (see Materials and Methods). These clones, represented by ERB20 (Fig. 1) , have about 1000 bp of identity with the S. rnansoni EGFR homologue, SER (class 1), at the amino terminal coding end. At that point they diverge and the subsequent 1400 bases, ending in poly(A), bear no resemblance to class 1 cDNA (GenBank M86397). If class 2 transcripts are translated, the product would contain the amino terminus and most of the first cysteine-rich region of class 1 SER but have 15 unique amino acids at the carboxy-terminus (Fig. 5) within the S. mansoni cercariae cDNA library. This library, which was not size selected, was also screened with the 5' SER probe. Two essentially identical 1400-bp clones were identified that differed from SER cDNA clones previously isolated from the S. mansoni adult library. One of these, CERB22 (Fig. l) , was sequenced. Like class 2, this cDNA is identical to class 1 for the first 1000 bp and diverges at precisely the same position, but the subsequent 3' sequence is unique and ends with a poly(A) sequence (GenBank M86398). Class 4 transcripts (Fig. 5 ), if translated, should produce a translation product with the same SER amino acids as class 2, followed by 24 class 4-specific amino acids and resulting in a 37-kDa protein. represented by the original ERB4 cDNA. This cDNA contains a 196-bp sequence (ins2, Fig.  1 ) that is inserted 108 bp downstream from the point of class 2 and 4 divergence (GenBank M86399) and contains stop codons in all reading frames. The predicted translation product of class 5 SER transcripts is, thereby, slightly larger than the class 2 and 4 products (40 kDa) and consists of the amino terminus and virtually all of the first cysteine-rich region of class 1 SER, terminating with 12 unique amino acids (Fig. 5) . All 3 variant cDNAs, classes 2, 4 and 5, represent bona fide variant mRNAs, as demonstrated by the transcription and genomic analysis presented and discussed below.
Transcription of SER and SER variant mRNAs.
Poly(A) + RNA was prepared from cercariae and adult schistosomes and resolved on formaldehyde agarose gels. After filter transfer, the Northern blot was hybridized to a series of different probes. The first probe, derived from SER sequences common to all 4 of the SER classes (Fig. 6A) , recognized a 6.5-kb mRNA in both mRNA preparations. 6.5 kb is the size expected for class 1 transcripts based on the cDNA clones, although these transcripts may not resolve from class 5 transcripts on this Northern. A 2.5-kb, putative class 2 transcript was as abundant as the 6.5-kb transcript in the adult mRNA, but was not detected in cercarial mRNA. Neither of the schistosome mRNA preparations reveal the 1.5-kb transcript expected for class 4, indicating that it is, at most, a minor SER transcript.
Since class 2 cDNA was well represented in the adult male cDNA library, it seemed likely that the 2.5-kb transcript was class 2. This was confirmed when the Northern blot was rehybridized with a probe that recognizes 3' untranslated sequences unique to class 2 (Fig.  6B) . The class 2-specific probe again recognizes the 2.5-kb mRNA species, but even after long exposure times it is not detected in cercariae. ~e conclude that, while the class 1 SER transcript is present within both cercariae and adult, expression of the class 2 variant begins sometime after cercarial transformation into schistosomula. A third probe, specific for S. mansoni triose phosphate isomerase (TPI), which, based on protein data, should be expressed at similar levels in cercariae and adult schistosomes (D. Harn, personal communication) is shown in Fig. 6C .
The polymerase chain reaction (PCR) was used to test for the presence of class 4 and 5 transcripts in cercariae and adult cDNA. Within each PCR reaction, one oligonucleotide was complementary to the sequences common to all SER cDNAs and the second, opposing PCR oligonucleotide was complementary to a region unique to one of the SER cDNA classes (see Fig. 5B ). Amplified products representing all 4 classes were detected using S. mansoni adult cDNA but, with cercarial cDNA, only class ! and class 5 products were visible on ethidium bromide stained agarose gels. The class 2 and 4 products could be detected when the products were analyzed by Southern hybridization using a radiolabeled, SER-specific probe (data not shown).
The oligonucleotides (A and 1,5 from Fig.  5B ) used to detect class 1 transcripts by PCR also hybridize to class 5 transcripts on each side of the small DNA insert (ins2, Fig. 1 ) that distinguishes these 2 transcripts. This one pair of oligonucleotides in a single PCR reaction will amplify a different and distinct product for both transcript classes and thus the molar ratio of these products will meaningfully reflect the class 1 and class 5 transcript ratio within the template cDNA. In all PCR reactions, with both adult and cercarial cDNA, the class 1 product was present in at least a 10-fold excess over the class 5. We conclude therefore that class 1 is the predominant transcript and represents the major portion of the 6.5-kb species within the SER Northern blots.
SER variant forms are generated by alternative splicing. An S. mansoni genomic library was screened with SER cDNA probes homologous to the region encoding the first 830 amino acids of SER. Several positive clones were obtained and five were characterized by restriction mapping and Southern blotting.
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Four of the genomic clones overlapped, permitting deduction of the SER gene structure encompassing the entire region in which SER transcript diversity was observed (Fig.  7A) .
All of the coding exons within clones GERBI, GERBI8, GERB28 and GERBI3 were completely sequenced to ascertain the intron locations and to determine the sequences at the intron/exon boundary. One genomic clone, GERBI, contains 4 exons that together encode SER translation initiation through codon 143. The 4 overlapping genomic clones encompass the 1670 bp of SER coding DNA encoding residues 234 to 790. Exons containing class 2-and class 4-specific coding DNA, and their 3' untranslated sequences, are located between the SER exons labeled 'r and 'g' in Fig. 7A . Sequences homologous to the 196 bp insert, which characterize class 5 transcripts, are present between exons 'g' and 'h'.
Characterization of the amino-terminal coding region of the SER gene resulted in several observations. First, the extreme 5' end of SER mRNA was found to be encoded by 4 exons that are separated by three very small introns. These introns interrupt the codons for SER amino acid residues 12, 31 and 75 (Fig. 2) and have sizes of 34, 31 and 36 bp, respectively. Craig et al. [38] reported that the first 4 introns of the S. mansoni hypoxanthine-guanine phosphoribosyl transferase (HGPRT) gene are each between 31 and 42 bp, making them among the smallest introns to be characterized. The first intron of the S. mansoni TPI gene is only 42 bp (C. Sttoemaker, unpublished observation) and, together with the SER and HGPRT results, suggest that small introns at the beginning of S. mansoni genes may be a common characteristic of this organism.
In contrast to the first few introns, all of the subsequent SER introns characterized to date are quite large. In fact, more than 50 kb of the SER gene has been characterized and this region encodes less than 40% of the SER mature transcript. The large size of the SER gene is consistent with observations made for the HER [39] and DER [30] genes but is significantly larger than observed for any of the several other S. mansoni genes that have been characterized.
Analysis of the intron positions within the 5' region of the SER gene permits additional notable observations. For example, neither the corresponding human (HER) nor Drosophila (DER) genes have an intron analogous to the first intron of SER within the leader peptide coding sequence• The second intron in the SER gene, however, is located in a precisely comparable position to the first intron of the human gene [39] and to the Drosophila intron that is involved in alternative splicing [30] • We have seen no evidence for alternative splicing at this intron in SER. lntrons following exons d and e in Fig. 7A are present at the codons for SER amino acid residues 234 and 272. These residues are at nearly identical positions within the first and second cysteine 'sub-repeats' (Fig.  4) and this observation further suggests that this sub-repeat motif derives from a primordial sequence that has become replicated. DNA sequence of the intron/exon boundaries for the SER exons f, g and h, as well as the class 2, 4 and 5-specific exons (C2, C4 and C5 in Fig. 7A ) are shown in Fig. 7B . The intron between exons f and g interrupts the SER coding DNA at precisely the position at which the class 2 and 4 cDNAs diverge from class 1 cDNA. The C2 and C4 exons within this intron are completely contiguous with the corresponding class 2 and class 4 cDNAs up to the polyadenylation site, demonstrating that no additional introns are present within these exons. SER exon f ends with a canonical splice donor site and exon g, as well as C2 and C4, each have typical splice acceptor sites. These results strongly suggest that class 2 and class 4 transcripts arise by the alternative splicing of SER exon f to C2 or C4 and stop as a consequence of the class-specific polyadenylation sites that terminate the exons. The 196-bp class 5 'insert' also appears to result from alternative splicing. These sequences are present within the intron following exon g of the SER gene (Fig. 7A) and are surrounded by canonical splice acceptor and donor sites (Fig. 7B) . When the exon g splice donor joins this exon C5 instead of exon h, a new splice donor site is utilized to join the resulting 196-bp exon to the splice acceptor for SER exon h. This gives rise to the class 5 transcript.
Although the existence of the class 2, 4 and 5 exons within the SER gene strongly suggests that the observed transcript diversity arises through alternative splicing of the SER gene, it does not exclude the possibility that the variant transcripts might originate from unique genes. Several additional observations though confirm the alternative splicing mechanism. The complete sequences of the class 2, 4 and 5 exons were obtained and found to be identical to the sequences of the corresponding cDNAs. It is difficult to conceive that, were distinct genes present, they would have 100% identity within these 3' untranslated sequences. Secondly, all the SER genomic clones isolated and characterized are consistent with the conclusion of a unique SER gene. Finally, a Southern blot of restriction enzyme digests of S. mansoni 29 genomic DNA, probed with an SER class 1 cDNA fragment from the region of transcript diversity, is also consistent with the existence of only the one SER gene presented in Fig. 7A  (data not shown) .
During the last several years, alternative splicing has been revealed as a common mechanism employed by higher eukaryotes to generate transcript diversity. The mechanism has been demonstrated for a number of receptor genes, mostly in mammals, in which both secreted and membrane-bound forms of a receptor are expressed from the same gene by generating different mRNAs through an alternative splicing pathway [40--44] . The secreted form of the receptor generally consists of a nearly complete extracellular ligandbinding domain that lacks the transmembrane domain and C-terminus of the membranebound form of the receptor. It has been postulated that these soluble forms are still capable of binding ligand and, thereby, act in some way to regulate the response to the ligand [40, 41, 44] .
Alternative splicing has also been observed within EGF receptor genes and their homologues. Several different EGFR transcript sizes are expressed in rats and one of the transcripts was shown to result from alternative splicing and encode a secreted form of the receptor [44] . The other rat transcripts and the differently sized EGFR transcripts found in humans [4] probably result from a similar mechanism. The Drosophila EGF receptor homologue (DER) gene undergoes alternative splicing of its 5' exons to produce variant mRNAs encoding DER proteins that differ only at their amino terminus and have similar tissue distribution during development [30] . Multiple transcript sizes have also been observed for the EGFR homologues from Xiphophorus [8] and Caenohrabditis [12] that may be produced by an alternative splicing pathway.
In S. mansoni, the predicted products of the 3 variant SER transcripts would contain only the secretory leader, the amino terminal domain and most, or all, of the first cysteinerich region. The most highly expressed SER variant mRNA in adult worms, class 2, as well as the class 5 variant, apparently encodes soluble, secreted products. Another variant, class 4, encodes a truncated SER with a hydrophobic carboxy-terminus that may serve as a membrane anchor. Unlike most truncated, variant receptors that have been studied in higher eukaryotes, the SER variants would la6k the putative ligand binding domain predicted by homology with the mammalian EGFR [29] .
What role(s) might truncated SER products play'? Without the capacity to bind ligand, the products, if expressed, should have no ability to regulate the cellular response to ligand through interference with normal receptor binding as proposed for truncated receptors in other systems. It is possible that the variant splicing is simply an accident that is tolerated as an insignificant metabolic burden for a parasite living in a nutrient-rich environment. The stage specificity of SER variant mRNA transcription and the limited diversity of the alternatively spliced transcripts argue against an accidental occurrence. One possibility is that the products of the truncated SER transcripts serve to interfere with a potentially damaging immune response against the receptor form of SER. Secreted, or membranebound, truncated forms of SER might operate. for example, by inducing antibodies against ineffective epitopes which then act as 'blocking antibodies" that somehow 'hide' epitopes which might otherwise induce a damaging immune response. Such a schistosome immune avoidance mechanism has been postulated by Grzych et al. [45] and Butterworth [46] . Similarly, the variant SER forms might serve to absorb otherwise damaging antibodies directed against SER. Another possible role for thc truncated products are that they serve as ligands for a different receptor in a manner similar to EGF, which itself derives from a receptor-like precursor [31] .
